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Description 

EXTERNAL VERIFICATION OF PACKAGE 
PROCESSED LINEWIDTHS AND SPACINGS 
IN SEMICONDUCTOR PACKAGES 

Background of Invention 
[0001] Field of the Invention 

[0002] The present invention generally relates to testing of 

greensheets, and more particularly to an improved struc- 
ture and test method that forms non-functional wires in 
kerf regions that can be tested in place of the functional 
wires in the greensheet. 

[0003] Description of the Related Art 

[0004] Conventionally, electrical measurements are used to de- 
termine the proper design and manufacturing of ceramic 
module wiring. These measurements occur near the end 
of the manufacturing process. Thus, design and/or manu- 
facturing errors and defects are conventionally not found 
until late in the process. The invention described below 



provides a method and structure to measure the "as man- 
ufactured" line widths and spacings before or after pack- 
age sectioning. 

[0005] circuit traces, or nets, in a multilayer ceramic substrate 
suffer increasing demand from circuit designers, applica- 
tion requirements and cost. Line widths and spacings are 
being made smaller and, in addition, net electrical re- 
quirements are getting tighter (i.e., lower resistance, elec- 
trical characteristic impedance, etc.). The typical process 
flow for manufacturing a multi-layer ceramic module 
(MLC) does have optical inspections after screening the 
circuit trace/net onto the layer, however this optical in- 
spection tool only examines portions of the circuitry and 
can only measure the shape of the net, not the perfor- 
mance of the net. 

[0006] Electrical testing of the net can occur only at the end of 
the manufacturing process and errors detected at the end 
of the manufacturing process result in scrap of the mod- 
ule since repair is not possible. This invention described 
below provides a methodology/structure where rapid 
analysis can be performed to identify the layer(s) with in- 
correct linewidths, line cross section, composition and/or 
spacings. 



Summary of Invention 

[0007] Th e invention provides a method of verifying wiring spac- 
ing and sizing in ceramic greensheets. The invention first 
forms non-functional test structures in kerf regions out- 
side functional wiring modules of the ceramic greensheets 
and across edges of the functional wiring modules. Then, 
the invention divides the greensheets along the kerf re- 
gions. In order to verify or test the spacing and size of 
wires in functional wiring modules, the invention only 
needs to examine the non-functional test structures as 
exposed by cutting the multi-module greensheet along 
the laminate trim line or by dicing of the greensheet into 
individual modules. The non-functional wires have the 
same design spacing, size, and angles as wires in the 
functional wiring modules. Therefore, the non-functional 
test structures comprise representative wires equivalent to 
the wires in the functional wiring modules. 

[0008] This method produces ceramic greensheets that have 

non-functional test structures located in kerf regions out- 
side functional wiring modules and across edges of the 
functional wiring modules. Once again, these non- 
functional test structures have no functional purpose 
within the module except to indicate the spacing and size 



of other wires in the functional wiring modules and are 

used to verify that the greensheets are stacked in the 

proper order, orientation and are the correct part number. 
Brief Description of Drawings 

[0009] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 

[0010] Figure 1 is a schematic diagram of a multi-module green- 
sheet; 

[001 1] Figure 2 is a schematic diagram of a multi-module green- 
sheet with test structures; 

[0012] Figure 3 is a schematic diagram of a multi-module green- 
sheet with test structures; 

[0013] Figure 4 is a schematic diagram of a multi-module green- 
sheet with test structures; 

[0014] Figure 5 is a cross-sectional schematic diagram a of a 

multi-layer greensheet showing exposed test structures; 
and 

[0015] Figure 6 is a flow diagram illustrating a preferred method 

of the invention. 
Detailed Description 

[0016] As mentioned above, the invention forms non-functional 



test structures in kerf regions outside functional wiring 
modules of the ceramic greensheets and across edges of 
the functional wiring modules. In order to verify or test 
the spacing and size of wires in functional wiring mod- 
ules, the invention only needs to examine the non- 
functional test structures as exposed by cutting the multi- 
module greensheet along the laminate trim line or by dic- 
ing of the greensheet into individual modules. The non- 
functional wires have the same design spacing, size, and 
angles as wires in the functional wiring modules. There- 
fore, the non-functional test structures comprise repre- 
sentative wires of wires in the functional wiring modules. 
Thus, defects in the test structures will indicate that there 
are defects in the wires within the functional wiring mod- 
ules. 

[0017] Thus, the invention adds non-functional test structures to 
the mask to be screened onto the layer during screening. 
These test structures are placed to intersect the laminate 
trim line and in the 'kerf areas through which the lami- 
nate is cut into the smaller substrates, and/or on the edge 
just between the kerf region and the functional areas. 
Each layer in the multi-layer greensheets is provided 
unique test structures that are based to reflect the re- 



quirements of that particular layer. Thus, the invention 
identifies any errors induced by design or screening for 
each layer based on separate testing requirements. 

[0018] The invention provides a method for making non-in- 
trusive measurements of manufactured line widths and 
spacings. The inventive methodology does not require 
changes to current design practices or manufacturing 
processes (except for the addition of the test structures 
and the testing (observation) processes). For each particu- 
lar layer, the line widths, spacings, and wire orientations 
used in the actual circuitry of that layer form the basis for 
the test structures for that layer. Thus, each layer in the 
multi-layer ceramic structure will potentially include dif- 
ferent test structures having different line widths, spac- 
ings, etc. For example, lines in the structure will be in the 
x direction, some in the y direction and some in each of 
the 45 degree angles allowed for diagonal wiring. In order 
to test line widths, spacings, etc. the invention polishes 
the side of the substrate and analyzes vias microscopi- 
cally. Alternatively the test structures can be analyzed 
electrically, via probing. 

[0019] Figure 1 shows a typical 'greensheet' 10 with, but not lim- 
ited to, a 4-up design which has four individual but exact 



replica substrates (modules) 11 screened onto this green- 
sheet layer 10. Each of these sites 11 has wiring lines and 
vias 12 screened onto them. These lines are of specific 
widths and spacings, according to manufacturing and de- 
sign requirements and capabilities. 
[0020] Figure 2 shows the placement of the test structures 20, 21 
that intersect the laminate trim/cut line 23 along which 
the laminate is cut for initial trimming. Alignment holes 
are shown as item 24. Test structures 20 are horizontal or 
vertical to the wires in the individual substrate modules 
11, while test structures 21 are set at a predetermined 
angle (such as 45 degrees) to simulate angled portions of 
wires in the individual modules 11. Figure 3 shows the 
placement of similar horizontal/vertical and angled test 
structures 30, 31 across the edges of the modules 11 (in 
the kerf areas of the greensheet). These test structures 
30, 3 1 will remain as part of the final structure of the 
substrate modules even after they are cut at final sizing. 
Figure 4 shows an embodiment that includes test struc- 
tures that cross the laminate trim line 23 (test structures 
40, 41) and the final sizing line 32 (test structures 30, 
31). Note that horizontal/vertical and angled test struc- 
tures 40, 41 cross both the laminate trim line 23 and the 



final sizing line 32. 

[0021] Figure 5 shows a sideview of the cut laminate or final 

module 55 that includes a number of wiring layers. Figure 
5 also shows the test structure lines 50-54 exposed and 
cut by laminate or final sizing. In all embodiments, to test 
the manufactured line widths and spacings all that is 
needed is to examine (observe visually) the side of the cut 
greensheet (Figure 5) that is cut along the laminate trim 
line 23 or along the final sizing line 32. In addition to 
linewidths and spacings, one can also measure and verify 
layer thickness. Proper alignment can also be verified by 
placing a series of lines to be cut on each layer and visual 
verification of proper alignment 51 and stackup 50 
(missing or incorrectly ordered layers). In addition, test 
structures 53, 54 are formed at maximum/minimum wire 
spacings of the wires within the modules 11 to allow such 
extremes to be easily tested. Additionally, microscopic 
and electrical inspection may also be used to verify that 
the correct metal paste was used on each layer. 

[0022] a s shown in the flowchart of Figure 6, the invention pro- 
vides a method of testing wiring spacing and sizing in ce- 
ramic greensheets. In item 60, the invention first forms 
non-functional test structures in kerf regions outside 



functional wiring modules of the ceramic greensheets 
and/or across edges of the functional wiring modules. 
Next, the structure is cut along the laminate trim line 23 
in item 62. At this point, the test structures 20, 21, 40, 41 
are exposed along the cross-sectional view of the struc- 
ture (as shown in Figure 5, above) and are tested through 
visual observation or electric probing in item 64. Thus, 
the invention allows the greensheets to be tested even 
before the individual modules are diced. Then, the inven- 
tion divides the greensheets along the kerf regions in item 
66 to separate the modules. Integrated circuit chips and 
the other devices are mounted on the modules 68. Be- 
cause the test structures 30, 31, 40, 41 remain as part of 
the permanent ceramic substrate module, the completed 
structure (including the later attached chips, etc.) can be 
tested (electrically or visually) at the end of the manufac- 
turing process, or even after the product has been in use 
in completed devices, as shown in item 70. Thus, the in- 
vention is even useful to quickly locate devices that are 
returned from customers as being defective because the 
test structures provide indications as to which types of er- 
rors may be present (spacing errors, line size errors, etc.) 
and indicates upon which level within the multi-level ce- 



ramie structure the errors may be present. In other words, 
the cross-sectional views of the test structures that indi- 
cate marginal line quality in a specific layer of the ceramic 
greensheets can help designers more quickly locate the 
defect by the indicating the layer which contains the de- 
fect. Therefore, the invention provides a test structure 
that can be observed/electrically tested at any point in the 
life cycle of the device. Thus, with the invention, the dice 
or undiced greensheets can be tested by simply observing 
the cross-section of the structure after trimming or dic- 
ing. The invention can be used to verify that the correct 
metal paste was used (some layers use paste with more or 
less glass and ceramic powder), to verify the proper 
stacking order of the layers, and/or to verify that the 
proper layer part number was used (by examining the 
cross section location, i.e. a recognized pattern, bar code, 
etc.). 

[0023] The non-functional wires have the same design spacing, 
size, and angles as wires in the functional wiring modules. 
Therefore, the non-functional test structures comprise 
representative wires of wires in the functional wiring 
modules. This method produces ceramic greensheets that 
have non-functional test structures located in kerf regions 



outside functional wiring modules and across edges of the 
functional wiring modules. Once again, these non- 
functional test structures indicate the spacing and size of 
wires in the functional wiring modules. 

[0024] | n order to check or test the spacing and size of wires in 
functional wiring modules, the invention only needs to 
examine the non-functional test structures as exposed by 
cutting the multi-module greensheet along the laminate 
trim line or by dicing of the greensheet into individual 
modules. The non-functional wires have the same design 
spacing, size, and angles as wires in the functional wiring 
modules. Therefore, the non-functional test structures 
comprise representative wires of wires in the functional 
wiring modules. 

[0025] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 

[0026] What is claimed is: 



